Acalculous cholecystitis and cholangitis are increasingly being recognized as complications of AIDS. The opportunistic parasites that have been most commonly associated with these disorders are Cryptosporidium species, Isospora belli, Cyclospora cayetanensis and Enterocytozoon bieneusi. The authors performed a parasitological survey on the gallbladder tissue sections of patients underwent cholecystectomy due to chronic acalculous cholecystitis at the Shiraz University of Medical Sciences, Iran. Light microscopic investigation in more than three hundred archived histopathological slides revealed the presence of sexual stages (i.e., mature sporocysts) of a coccidial protozoan in a patient with AIDS who developed acalculous cholecystitis as confirmed by histological, parasitological and molecular tests in which Sarcocystis species was the only identifiable pathogen in gallbladder sections. In the best of our knowledge it's the first documented case of chronic non-calculous cholecystitis due to Sarcocystis parasite in an Iranian AIDS patient from worldwide.
Introduction
Since the first description of acalculous cholecystitis with an abnormal biliary tree in a patient with acquired immunodeficiency syndrome (AIDS) in 1983, AIDS cholangiopathy, a group of biliary disorders characterized by acalculous cholecystitis and sclerosing cholangitis, has become a clinically significant problem while its etiology remains obscure (Pitlik et al. 1983, Yusuf and Baron 2004) . Unfortunately, cholecystitis is increasingly being recognized as a complication of AIDS (Chui and Owen 1994, Vakil et al. 1996) . The parasitic opportunistic agents that have been most commonly associated with this disorder are Cryptosporidium, Isospora and Cyclospora ( Benator et al. 1994 , Ackers 1997 , Zar et al. 2001 , Walther and Topazian 2009 .
In recent years Enterocytozoon bieneusi has also been reported to be pathogenic in multiple cases of AIDS-related cholecystitis (French et al.1995 , Knapp et al. 1996 , Ramón-García and Sadowinski-Pine S. 1996 .
Sarcocystis-related cholecystitis has not been previously reported in human being worldwide. The case presented here is, unique in that she may represent the first well documented case of Sarcocystis-associated cholecystitis.
Case Presentation
Investigation in more than three hundred archived histopathological slides of the gallbladder tissue sections were studied by light microscopy. These specimens were related to patients underwent cholecystectomy due to chronic acalculous cholecystitis. The presence of sexual stages (i.e., mature sporocysts) of a coccidial protozoan was considered in one specimen. It was related to a 28-year-old woman with AIDS and a CD4 count of 89 cells/μL diagnosed one year previously. She had a 6-month history of intermittent diarrhea that was variably associated with nausea, vomiting and weight loss. Fecal samples obtained within 6 months were repeatedly negative. Biopsies of the small and large intestine were done, and light microscopic studies of the terminal ileum, cecum and sigmoid showed mild acute nonspecific inflammation but no parasitic infection on hematoxylin and eosin staining.
In January 2011 the patient developed upper right-quadrant abdominal pain, nausea, postprandial vomiting and diarrhea. Physical examination showed a temperature of 38°C and upper right-quadrant tenderness. Abdominal ultrasonography showed thickening of the anterior portion of the gallbladder wall with no stones, pericholecystic fluid or dilation of the bile *Corresponding author: hatamghr@sums.ac.ir; hatam908@yahoo.com ducts or gallbladder. At this time, laboratory studies revealed above-normal levels of total serum bilirubin, alkaline phosphatase, aspartate aminotransferase and alanine aminotransferase. However, serum creatinine and lipase were normal, and electrolytes and amylase were below the normal levels.
Cholecystectomy for presumed cholecystitis showed a grossly thickened gallbladder wall without stones. Histolopathological examination demonstrated chronic cholecystitis with nonspecific inflammation. Initially, the histopathologic examination found no pathogens, particularly coccidian parasites, with hematoxylin and eosin staining. A thorough review of all the patient's duodenal, terminal ileum, cecum, and sigmoid biopsy specimens failed to disclose foci of Isospora or Sarcocystis infection, or of infection with other enteric pathogens.
Four months later (May 2011) she was admitted to the Faghihi hospital affiliated to Shiraz University of Medical Sciences (Shiraz, Iran), because of an episode of abdominal pain, vomiting, and a 7-day history of diarrhea. She was having 8-9 watery stools per day that were foul-smelling and without evidence of blood or fecal leukocytes. At the time of hospitalization, her temperature was 37°C, pulse was 90 beats/min, respiratory rate was 18 breaths/min and blood pressure was 110/65 mm Hg.
On physical examination the patient seemed well and did not appear to be in acutely ill. The lungs and heart sounds were normal. The abdomen was flat, and the bowel sounds were present and slightly increased. There was mild tenderness throughout the abdomen without rebound. No mass or hernia was detected. The arms and the legs were well perfused. No abnormalities were found on rectal examination. At this time, blood tests revealed microcytic hypochromic anemia (9.3 g/dL) with mild leukopenia (WBC: 2590 cells/μL) and an absolute CD4 count of 89 cells/μL. Serum laboratory analysis revealed the following values: albumin, 3.8 g/dL; alkaline phosphatase, 391 U/L (normal range, 64-306); alanine aminotransferase, 175U/L (normal range, 10-35); aspartate aminotransferase, 127 U/L (normal range, 14-50); and total bilirubin, 1.03 mg/dL (normal range 0.3-1.2), with a direct bilirubin level of 0.32 mg/dL (normal< 0.2). Her urine was light yellow and was trace-positive for protein. Assays for the presence of hepatitis B antigen and hepatitis C antibody were negative. Chest radiographs showed no abnormalities. She was then referred to the laboratory of the Department of Parasitology and Mycology at the University's School of Medicine for stool examination.
The stool sample was examined with the formalin-ethyl acetate concentration method and modified Kinyoun's acidfast stain. The concentration method revealed numerous oocysts of Isospora belli and sporocysts of Sarcocystis measuring about 27 × 12 and 19 × 10 μm, respectively, in largest diameter (Fig. 1) . Stool smear stained with modified Kinyoun's acid-fast stain showed many acid-fast I. belli oocysts.
Co-trimaxazole therapy for diarrhea reduced the frequency of diarrhea and resulted in weight gain. The patient was discharged after 7 days of oral treatment and remained asymptomatic for the next 3 months under our observation. At this time, during a pathologic review of the gallbladder in patients with AIDS, Sarcocystis infection was diagnosed, first in sections previously stained with hematoxylin and eosin and then confirmed by PCR of the residual paraffin-embedded biopsy tissue (MacLean et al. 2007; Xiang et al. 2009 ). DNA was Fig. 3 . PCR amplification of Sarcocystis sp. DNA from gallbladder specimen using Genus-specific primers. Lane 1, 100 bp molecular size markers; Lane 2, Cryptosporidium DNA sample; Lane 3, Isospora belli DNA sample; lane 4, study simple; lane 5, negative control extracted from parasites in excised tissue using the phenol/chloroform method as previously described (Yang ZQ et al. 2001) . Part of the 18S rDNA gene was amplified using a semi-nested PCR procedure, as previously reported (Xiang et al. 2009 ). Briefly, the primary PCR used primers 18s 2L (GGATAAACCGTGGTAATTCTATG) and 18s 2H (ACCT-GTTATTGCCTCAAACTTC). For the secondary amplification the primary PCR product was used as a template in a second PCR reaction using primer 18s 2L and primer 18s 3H (GGCAAATGCTTTCGCAGTAG).
Fecal sample obtained from the same patient was also examined by using the same semi-nested-PCR to confirm infection with Sarcocystis. Parasites with distinctive features of Sarcocystis sporocysts were noted in the epithelial cell cytoplasm (Fig. 2 A-D) . No parasite was identified in the lamina propria. The presence of a ~850 bp amplicon was considered evidence of Sarcocystis sp. DNA (Fig. 3) (Xiang et al. 2009 ). There was no evidence of Cytomegalovirus inclusions or Cryptosporidium species in the examined tissues.
Discussion
Intestinal parasites, both protozoa and helminthes, are two of the main enteric pathogens in developing countries. Some of these parasites are responsible for important zoonotic diseases; including emerging and re-emerging infections. One such zoonotic parasite is Sarcocystis species cause intestinal and muscular sarcocystosis in humans (Dissanaike 1994; Fayer 2004; Makhija 2012; Abubakar et al. 2013; Tappe et al. 2013) . This parasite has an indirect life cycle, cycling between a definitive and an intermediate host. Depending on the species of Sarcocystis, humans play a role as definitive or intermediate hosts (Dissanaike 1994; Fayer 2004) . Sarcocystis microorganisms of the intestinal tract in humans as the final host have a similar life cycle.
Infection occurs from eating uncooked meat with infective stages of Sarcocystis suihominis in pork and Sarcocystis hominis in beef. The ingested cystic stages (sarcocysts) contain thousands of mature bradyzoites which are freed in the small intestine, where they enter the mucosa and parasitize non epithelial cells in the lamina propria. Development of the zoites is followed by differentiation into macro-and microgametocytes which join to produce a zygote. The zygote develops into an oocyst; and oocysts release two sporulated sporocysts which are excreted with feces (Fayer 2004) . Intestinal sarcocystosis is usually diagnosed in clinical laboratory tests by the finding of typical sporocysts with four sporozoites in wet smears made directly from feces or from concentrated stool, or by findings at the tissue level of the small intestine (Wilairatana et al. 1996; Bunyaratvej and Unpunyo 1992) . The sporocysts are usually seen singly but sometimes occur in pairs surrounded by a thin oocyst wall (Dissanaike 1994 , Fayer 2004 . In most immunocompetent patients, the typical symptoms of intestinal sarcocystosis include nausea, loss of appetite, vomiting, abdominal pain, bloat, dyspnea, tachycardia, nonbloody diarrhea, and periods of apparent remission (Bunyaratvej et al. 1992a, b; Dissanaike 1994; Fayer 2004) . Some individuals may be infected but show no clinical signs. In two studies from Thailand, 28 persons with acute Sarcocystis infection had fever, acute abdominal pain, vomiting, diarrhea, leukocytosis and mild to moderate distension of the small intestine on X-ray. All 28 individuals were acutely ill and needed surgical intervention and resection of a portion of the jejunum or ileum because of marked inflammation; in all surgical specimens Sarcocystis was found microscopically, and identified as S. hominis on epidemiologic grounds (Bunyaratvej et al. 1982 (Bunyaratvej et al. , 1992a .
There are reports of Sarcocystis infection in hoofed animals and seropositivity in the human population in Iran, but there are very few reports of Sarcocystis infection in humans as the definitive host (Shekarforoush et al. 2005; Nourollahi Fard et al. 2009; Borji and Parandeh 2010; Nourani et al. 2010) .
Several opportunistic infections have been implicated as the cause of gallbladder disease in patients with HIV infection and immunosuppression. These organisms include Cytomegalovirus, Microsporidium, Cryptosporidium, Isospora belli, and Cyclospora cayetanensis species (Pitlik et al. 1983 , Chui and Owen 1994 , Reiter 1995 , Knapp et al. 1996 , Zar et al. 2001 , Walther and Topazian 2009 . Extra intestinal cystlike stages of coccidian parasites have been documented in patients with AIDS, and may play a role in relapse from the infection. Coccidian organisms usually comprise a single merozoite-like stage, and many thousands of these organisms may be present. Except for Sarcocystis, infection with other gut coccidian parasites in the gallbladder epithelium has been reported (Pitlik et al. 1983 , Benator et al. 1994 , French et al. 1995 , Zar et al. 2001 . Clinical signs in patients with parasites in these locations are not specific for coccidiosis, and parasites are diagnosed after tissue biopsy as part of a diagnostic workup (French et al. 1995) . To our knowledge, biliary and gallbladder diseases caused by gut coccidian parasites such as Cryptosporidium, Cyclospora cayetanensis and I. belli have been demonstrated only in immunocompromised patients, but to date no cholangitis or cholecystitis due to sarcocystosis has been reported in immunocompetent or immunocompromised patients. Unfortunately, the incidence rate of biliary and gallbladder coccidiosis is not known in Iran. Our patient with AIDS had upper right-quadrant abdominal pain and elevated alkaline phosphatase. Ultrasound scan showed thickening of the gallbladder suggestive of acalculous cholecystitis. The concentration method of stool testing revealed both I. belli and Sarcocystis. Although our patient's stool analysis revealed Isospora oocysts, no organisms of Isospora was identified by histological and molecular tests of gallbladder tissue despite her known intestinal isosporiasis. In our patient, chronic cholecystitis associated with sarcocystosis was demonstrated by histological and molecular tests. The infective sporocysts as result of sporogony generation of the Sarcocystis life cycle were iden-tified, demonstrating that active, replicative infection of the gallbladder epithelium can occur independently from overt intestinal disease. The parasites probably reached this site as merozoites from the gut or as zoites from extraintestinal locations, as the epithelial cells of this tissue are permeable to parasite entrance and multiplication. Our observation suggest, however, the possibility that in some cases of human intestinal sarcocystosis, possibility limited to patients with AIDS or other immunodeficient state, there is involvement of the intestinal mucosa as well as dissemination to gallbladder. This case illustrate the importance of immune system in restricting Sarcocystis infection to the intestinal epithelium in immunocompetent human being host. The profound derangement of the immune system in patients with AIDS is responsible for the establishment of infections, including extraintestinal sarcocystosis. Further studies are required to clarify this issue.
Conclusion
The histological and molecular findings in this case provide evidence that Sarcocystis can cause cholecystitis in a patient with AIDS in the absence of other opportunistic pathogens in gallbladder biopsies. We therefore suggest that Sarcocystis spp. should be considered in the differential diagnosis along with the other pathogens capable of causing AIDS-associated cholecystitis.
